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features always showed higher correlations to the plan 
deliverability than the conventional modulation indices, 
except in the case of modulating parameter differences. The 
rs values of contrast to the local gamma passing rates with 
criteria of 2%/2 mm, 2%/1 mm and 1%/2 mm were 0.547, 
0.578 and 0.620, respectively, and those of variance were 
0.519, 0.527 and 0.569 (always p < 0.003). The values of rs of 
contrast and variance with the MLC errors were -0.863 and -
0.828, respectively (p < 0.001). The rs values of MIt, MCSv, 
LTMCS and MISPORT to the local gamma passing rate with 2%/2 
mm criterion were -0.658 (p < 0.001), 0.186 (p = 0.251), 
0.312 (p = 0.05) and -0.455 (p = 0.003), respectively. The 
values of rs to the MLC errors were 0.917, -0.635, -0.857 and 
0.795, respectively (p < 0.001). For dose-volumetric 
parameters, MIt showed higher statistically significant 
correlations than the conventional modulation indices. 
Conclusions: The MIt, contrast (d = 1) and variance (d = 1) 
showed good performance for the evaluation of the 
modulation-degree of VMAT plans showing higher correlations 
to the plan deliverability than the conventional modulation 
indices, indicating their potential use as indicators for 
assessing the degree of modulation of VMAT plans.  
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Purpose/Objective: Safety margins increase the robustness 
of treatment plans against geometrical errors while margin 
reduction improves OAR sparing. With adaptive interventions 
robustness in plans with small margins may be restored. 
Therefore we investigated 1) how much coverage during 
treatment is lost as a result of deformations and anatomy 
changes in H&N cancer patients , 2) if early detection is 
possible. 
Materials and Methods: For 19 oropharyngeal patients, VMAT 
treatments plans (SIB, 35x2Gy) were automatically optimized 
with uniform CTV to PTV margins of 5, 3 and 0 mm. bSpline 
CBCT to CT deformable registration was performed with mild 
regularization on the primary CTV to limit deformations in 
areas with microscopic disease. Dose recalculations were 
performed in modified CTs (planning CT deformed to daily 
CBCT following online positioning). Dose was mapped and 
accumulated in the planning CT. Patients with deviations in 
primary or elective CTV coverage > 2Gy (ΔD99%) were 
identified as candidates for adaptive replanning. Thresholds 
for patient selection in earlier fractions were tested in an 
ROC analysis. 
Results: Margin reduction from 5>3>0 mm generally led to 
OAR sparing of ~1Gy Dmean per mm. Deformation fields 
captured expected shrinkage of parotid glands (PG) up to 25% 
towards end of treatment. CTV reduction was mainly seen in 
the elective volumes (up to 10%), likely related to weight 
loss. Despite online repositioning, substantial systematic 
deformations were present (>3 mm). Nevertheless, increase 
in OAR dose generally was small (Dmean<1Gy ), independent of 
applied margins. In 5 patients PG Dmean increased >2Gy. 
Discrepancies in CTV coverage >2 Gy were found in 1, 3 and 7 
instances respectively, mainly elective CTVs. Still, not all 
discrepancies were immediately clinically unacceptable (D99% 
<95% prescribed dose). ROC analysis on intervention 
thresholds with 0mm plans showed that the Area Under the 
Curve (figure 1) ranged from 0.73 to 1.00. After 8 fractions 
all candidates for adaptive replanning were detectable 




Conclusions: Large deformations and anatomy changes not 
necessarily led to unacceptable loss of CTV coverage and/or 
increase of dose to OARs, especially in plans with 5 and 3 mm 
margins. Eminent underdosage was early and efficiently 
predictable, enabling patient selection for adaptive 
interventions in plans with small margins.   
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Purpose/Objective: In order to overcome the current 
limitations of radiotherapy (RT), a new irradiation approach 
is being explored. It combines the well established healthy 
tissue sparing of minibeam radiation therapy (MBRT) and the 
high dose conformality of particle therapy. In MBRT, dose 
profiles consist in a pattern of peaks and valleys, unlike in 
conventional RT, where seamless fields are employed. A 
remarkable healthy tissue resistance to very high doses has 
been observed in such kind of irradiations [1], as well as 
significant tumour growth delay [1,2]. Healthy tissue sparing 
requires high peak-to-valley dose ratios (PVDR) and low valley 
doses [3].  
Besides, despite their very high efficiency in the treatment of 
hypoxic radioresistant tumours, the use of 'very' heavy ions 
(Ne and heavier) in therapy was discarded due to large 
toxicity in healthy tissue [4]. The gain in tissue sparing that 
might be provided by the use of MBRT might profit from the 
high cell killing capacity of heavy ions while reducing the side 
effects.  
Materials and Methods: A Monte Carlo (MC) study was 
performed using the GATE/Geant4 v6.1 simulation platform 
[5]. Arrays of rectangular minibeams (700 µm × 2 cm) of five 
heavy ions (O, Ne, Si, Ar, Fe), covering a 2 × 2 cm² area, 
impinged on a cylindrical water phantom mimicking a human 
head (16 cm high, 16 cm diameter). Realistic beam 
divergences were considered (3 mrad). To cover a hypothetic 
centrally located tumour in the beam direction, the 
longitudinal width of the Bragg peak was enlarged by varying 
beams energy. Dose distributions were scored considering 
several minibeam center-to-center (c-t-c) distances from 
1400 to 3500 µm. As a figure of merit, PVDR and penumbras 
were assessed. The contribution of secondary hadronic and 
electromagnetic processes was also evaluated. 
Results: Despite the use of very small field sizes, Spread-Out 
Bragg Peak-like depth dose distributions were achieved with 
all ions. Very high PVDR (>100) were reached in the healthy 
tissue. These values are extremely high with respect to those 
obtained with X-rays MBRT (around 10) [6]. Very low 
penumbras (from 50 to 300 µm in healthy tissue), much more 
advantageous than in conventional radiosurgery (penumbras > 
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3 mm), were also noted. The ratio between secondary 
hadronic and electromagnetic processes depends on the type 
of incident ion and it increases with c-t-c distance and depth. 
In global terms, Fe is the ion providing the lowest ratio. 
Conclusions: Very high PVDR and narrow penumbras were 
reached in the healthy tissue, which might lead to an 
increase of dose tolerances. Thus, a spatial fractionation of 
the dose plus the use of submillimetric field sizes might allow 
profiting from the high efficiency of very heavy ions for the 
treatment of radioresistant tumours, while preserving healthy 
tissue. Biological studies are needed. 
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Purpose/Objective: Regular set up audits facilitate the 
calculation of departmental margins and inform the action 
level and frequency of the IGRT required. They should be 
carried out whenever changes in the patient pathway are 
proposed such as considering margin reduction with IMRT (1). 
We employ a daily orthogonal kV imaging protocol with 'shift 
to zero' pre-treatment to ensure that the vertebral bodies 
(and skull) are within a 3mm tolerance. In other cases, where 
patient deformation does not permit a perfect match at all 
anatomical sites, the patient may be re-setup and re-imaged, 
or prioritisation given to matching to the high dose volumes 
closest to the OAR after discussion with the clinicians. In 
addition weekly CBCTs are acquired post kV imaging and prior 
to treatment. These are reviewed offline to examine PTV 
coverage and OAR avoidance. We present the set up data for 
a cohort of H/N patients using our imaging protocol to assess 
the residual error of the bone set up as quantified by the 
CBCT post kV imaging. 
Materials and Methods: The ARIA database was interrogated 
to extract 21 consecutive H/N IMRT patients who were 
verified with the standard imaging policy. Manual matched 
daily online kV imaging data was extracted from Aria (Varian 
Medical Systems). The weekly CBCT was co-registered offline 
(automatic rigid match) to the planning CT at the skull base, 
C1-C2, C3-C4 and C5-7 separately using region-specific ROIs. 
This data defined the residual set -up error of these regions. 
Population mean, systematic and random errors were 
calculated for measurements in each direction in Excel. 
Margins were suggested based on these data (2) and 
compared to departmental values. 
Results: The online kV data show that suitable margins in the 
vertical, longitudinal and lateral directions are 3.4mm, 
4.1mm and 2.6mm respectively. However, even after a 'shift 
to zero' protocol, the offline CBCT registrations showed that 
margins of the order of 2-6mm may be required for different 
parts of the H/N anatomy and different directions (Table1). 
Margins of 2-6mm, 2-4mm, 2-3mm and 3-4mm would be 
required for the skull base, C1-C2, C3-C4 and C5-C7 
respectively. In addition large mean differences in the 
rotation of the skull are also noted. 
 
 
Conclusions: This data has demonstrated that we are able to 
deliver complex IMRT within our departmental PRV of 5mm 
but is by no means approaching zero. Care must therefore be 
taken in reducing uncertainty margins. The complex changes 
in anatomical position seen clinically are reflected in the 
data with an example of this being the rotating of the skull 
towards the feet as the patient relaxes during treatment. 
This may be due in part is due to the non-reproducibility of 
the reference CT session and /or effect of iv contrast 
administration.  
However many factors, such as the ability to facilitate 
patient compliance, radiographer skill and training, and an 
effective imaging protocol, are required to produce effective 
and reproducible immobilisation. 
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Purpose/Objective: Inoperable, locally advanced non-small 
cell lung cancer patients are commonly treated with (chemo-
)radiotherapy (RT). In our department the carina is used as a 
surrogate for alignment of the patient anatomy during RT. 
After irradiation, an offline local rigid tumor registration is 
performed to quantify the residual tumor misalignment using 
a 3D shaped region of interest (mask) around the GTV (figure 
A, B, E, F). Tumor regression, however, challenges such 
automatic registration and manual adaptations are thus often 
necessary. The purpose of this study was to improve the 
automatic registration of such regressing tumors.  
Materials and Methods: Two registration methods were 
evaluated that both aim to accurately irradiate the volume 
occupied by the tumor at the start of treatment, i.e., no 
adaptations to account for shrinkage. The first registration 
method was designed for patients with tumors attached to 
